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I. Introduction 

The dramatic step made possible by direct measurements in space with satellites 
and probes during the past 18 years has totally altered our concepts of the Sun, the 
interplanetary mediurr^ and their influences upon Earth. This has been achieved «.'ith 
observations confined solely to the vicinity of the equatorial plane of the solar system. From 
these two-dimensional investigations we have mode dubious attempts to extrapolate our 
knowledge to deduce what the Sun and space in the solar system is like in three-dimensions. 
However, the solar, inteq>lonetary ond galactic phenomena discovered in these years hove 
roiscd rrKiny urgent scientific questions which can only be answered by direct observations and 
experiments far out of the ecliptic plone and over the solar pole to achieve a "global" concept 
of the Sun, the interplanetary mediunvof'^ iheir relationship to Earth and the boundary of the 
heliosphere with the interstellar medium. We have been faced for many years with this age-old 
problem which occurs often In science, namely, the extrapolation of physical phenomena from 
two-dimensions to deduce phenomena in three-dimensions. The uniqueness and importance of 

* Based upon invited talk at "Symposium on the Study of the Sun and Interplonetary Medium 
in Three Dimensions" — May 15-16, 1975, Goddard Space Flight Centei, Grccnbelt, Maryland, 
and "Charged Particle Astronomy in Interplanetary Space at High Solar Latitudes", J. A. Simpson, 
Chap. 5,3; NASA collected papers for ESRO Document MS(74) 34 (1974). 
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a scientific mission which can direct)/ achieve this global study and the recognition of its 
potential for discovery has been clear for many years. In describing such on explorotory 
mission, it is not unfair to moke a comparison between the importance of Man's exploration of 
the spherical surface of the Earth, and an execliptic missiory which is qualitarively 

similar In its conceptual and practical consequences for space science to the impact of the 
full exploration of Earth on Man's intellectual advancements. 

If a mission out of the ecliptic is so vital to the advancement of science then 
why has it not become a reality by now since the technology for its accomplishment has been 
with us for severe! years, and Pioneers 10 and 11 have demonstrated that a Jovian gravity- 
assist to drive a probe out of the ecliptic is safe? Among the reasons appears to be the broad, 
interdisciplinary character of the most important investigations on the mission which, on the one hand, 
represents the greatest strength of the mission, but, on the other hand, becomes a source of 
weakness for marshalling the sources and the support of the scientific community, or even 
leadership within the federal agencies where the missions must successfully compete with other 
important types of space missions. Since the late 1950's an out of the ecliptic mission has been 
under discussion. ^ Now, hopefully, it is a mission whose time has come since it has recently 
elicited support from a wide segment of the scientific community on the bosis of its uniqueness 
and importance for science and the applications of science to our understanding of the Sun and 
its influence upon Earth. Furthermore, as has been the case for the space program to date in 
the equatorial plane, out-of-the-ecliptic observations ore almost certain to yield important, 
unanticipated discoveries. We can best describe the quality of the mission objectives as 
exploratory and interdisciplinary and, therefore, the investigations must be designed to encompass 
the unexpected. 

The purpose of this note is to summarize the most likely alternarives for carrying out 
a mission to achieve these broad scientific goals and to illustrote wirfi specific examples dtawn 
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from charged particle astronomy, intcrplonetary and solar physics some of the experiments and 
observations which may be carried oi’r. It is not within tlie scope of this note to describe in 
detail the many exciting scientific challenges opened by the mission, but the reader easily will 
perceive this wide range of possible Investigations, many 6f which are discussed in the 

2 3 . . . 

Proceedings of this Symposium or outlined by Page. As a basis for discussion of the regions 
of the Sun and interplanetar)' space which may be explored byexcdiptlc missions I have 
prepared in Figure 1 a schematic represcniotion of the main solar latitude zones of highest 
interest and their possible interfaces with the interplanetary medium. In the foUovring discussion 
we will summarize some of the alternative missions which reach into these regions of space and 
the constroints they place upon experiments. As a secondary objective we shall ol:o describe 
the opportunities which some of these missions provide for unique studies of the magnetosphere 

of Jupiter since, for the most likely mission choices, Jupiter becomes 

the "gateway" to space out of the ecliptic. 

II. Ten Ways io ret ffiers 

Toble 1 is a summary of the most oulstonoTng mission a! ternarfves. There is 
a Ic'nj iiisto:y o" 'jccessivc proposols for tiiese mission: ho.re-d primai!!)' on avutlc.bk- launch 
vehicle technoiogy, hence some of the allemativcs picsenied in Table 1 novj are orily of 
historical int. r-’s!. Basically, the mission options are dependent on launcli vehicle capabilities. 
Diicct bolli.-llc injection at ~ 1 o. u. (option 7 and H) even under optimum contiltlons will toko 
c spacecraft only to ~ 37° hcllographic latitude. Ihe ociditioii o' solar electric propulsion fSfP) 
makes it possil-Ic to achieve a spacecraft trajectory oscillating in latitude at 1 a. u. , and 
synchronous with forth thus scanning over a north-sontir latitude rongc that rcacires a limit of 
I < 60° williin 2. 7 years, under maximum launch ccpnl'i iitles (option 9, for details see 
rcfeicnce 4 and 5). flu: trajectory plotted In a plane at 1 o. u. is sliown In Figuie 2. This ly)io 
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iCQimIng must be Irtoxiaity stobili^vd moutd place a strongs 

tHi^.eKtendil^ prcicat M being mode of Eorlli to storosc^lc viewing 

tolar |i}ianom<sn^ .Iba rota of tochnical devoiopment of »olai‘ electric prc^uUiori, 

^yOTf fs such tbot no possibility exists for comidaring tMs option in thecorly I^SO's. 
'ffMhoftiKsreiK J I see that oil of the direct Injection missioni discussed above do not 

dW obseiygtions In situ beypf>d the zones of solar activity and leave open oil quesHom v4tich 
goold only be answered by attaining higher solar latitudes. As will be shown below* the polor 
tiap'*to~polar cop passes of Jupiter swingby missions will achieve the latitude scans of the StP 
minions, aidiough for a shorter interval of the solar cycle. 

The alternative to direct injection is a gravity assist by Jupiter, t. e. by a 

Jupiter swingby (JSB) -- a technique first proven by Pioneer-10 to achieve a soioi system 

6 

tsceqse trajectory. This technique makes it possible to achieve solar polar cap passes with 
tMximum latitudes depending on the launch constraints (options 1 -- 6). Among those options 
that achieve polar cop passes of > + 80**, options 1, 2, 3 and 6, offer the greatest potential 
for achieving our stated prime objectives of nxpjloration and discovery. Option 6 enables a single 
spacecraft to reach 79° solar latitude v/il!i an Atlas/Ccntaur vehicle Ly requiring on Earth 
swingby as shown in Figure 3. However, in addition to the increased time toreoch solar maximum 
latitude (1. 7 years longer), this mission suffers further from reduced reliability because it 
requires an additional spacecraft propulsion subsystem to undertake tv/o additional and critical 
spacecraft maneuvers as described in Figure 3. We focus on the most fruitful of all the JSB 
options, hopefully the most likely to be adopted, namely a dual spacecraft louiich to Jupiter 
(cations 1 or 2) w’hich will result in spacecrafts over both solar polar caps simultaneously with 
tro|ector!es as shown in Figure 4 passing fiom pole-to-polc in opposition. We refer to this type 
of mission os the tondem Jupiter swingby (TJSB). 
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i v In Rgura 4 vi« have id«nHfte<i (he A B «nd hove shown ' 

l^^heif (ro}ee(wie» from Jupiter swtrqi-by until oflot respective (Mle'lo^^le pottes oit (he ■ \ 
; f$Un« oil as a function of Hme. Although this example ”11 fat option 2 In Table the (tofectoflas 
y'htr opHon 1 wilt be simllor* From the point of view of scientific invesHgoHOns fn different 
' disdplines, 6«g* solar physics. Interplanetary plasma ond me^netic field, the mognetosf^ere 
0t Jupiter, cosmic rays, etc*, the mission is Icgicetly to be divided info five phdiis identified . 

: by portions of the spacecraft tra{ectories. Ihese are: (1) from Earth to Jt^l ter, (It) through 
the Jovian me^netosphere, (III) out*-of-the>ecliptic 5imul*^«sneously in dte northern and southern 
hemi^eres over the radial ronge ~ 1. 5 • 5 a u. , (IV) over the solar pole, and pole-to- 
pole trandts of the two spacecrafts, and ^^) post solar pole tra{eelories. In each phase 
diere are some prime mission goals for one or more of the scientific investigations* in the 
following discussion we take the reader on a "guided tour” through these five p hoses of the 
TJSB missions using illustrative scientific investigations which will ieod to discovery or the 
onswer to old questions. Although it is not possible to discuss in this note all the important 
scientific (^jectives of each phase, these trajectories provide o rich source of new investigations 
with each phase of die mission possessing its own set of unique scientific objectives. 

Phose (I); Earth to Jupiter 

The two spacecraft travel near the ecliptic plane with a rodiol-spatial separation of 
order 10^ kilometers and with simultaneous transmission of data. This seporotion mokes it possible 
for us to undertake a new family of studies, since never before hove spacecraft been so separated 
for a long period of time free from the influence of a nearby planet and never before hove we hod 
the opportunity to do correlative studies between closely spaced observation points over a large 


radial range. For example we mny undertake: 
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a) the study of cliorgcd particle-magnetic field interactions, especially 
for very low energy nuclear particles In tlie range 0. 1 to 1 MeV. 

This spacecraft separation distance becomes comparable to the correlation 
length of the interplanetary magnetic field and to the scattftring scale 

g 

size of the particles. 

b) the study of the modes of propagation and interaction with magnetic 
fieickin Interplanetary space of the electrons which have been recently 
found to be escaping from Jupi ter. ^ ^ 

12 

c) measurements of the interplanetary acceleration of protons and electrons 

13 

in the regions surrounding blast waves from tfie sun. It will also 

become possible to investigate in detail the forward-backward moving shocks 

which are now observed to b® associated with so-called " Interplanetary 
14 

active regions" . These active regions and shocks are also associated with 
enhanced fluxes of ~ 1 MeV protons. 

This phase of the mission corresponds to an interplanetary version of the smaller 
scale Mother- Dough ter satellite combination devoted to magnetospherlc studies in the period 
1977-1980. No other interplanetary mission studies of the above type have been mode, or are 
contemplated in the foreseeable future. 

Phase (II): Jovian mognetospheric studies 

Since for operational reasons the two spacecrafts In opposite hemispheres will 
have timesof closest approach 2 to 3 days apart, we obtain a unique and valuable separation 
of the two spacecrafts in the Jovian magnetosphere capable of attacking problems that could 
not be investigated by the Pioneer 10-11 spacecraft, the Mariner- Jupiter-Saturn spacecraft, or 
even a single Jupiter orbiter spacecraft. In Figure 5 we display a. meridional plane projection 
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of llic traj-'ctories of the tv/o spacecrafts A ond B. Figure- 6 Is a projection of the two spacecraft 

trajectories on the ecliptic plane. For comparison the Pionccr-ll encountor trajectory 

to Saturn is shown. At the time of closest approoch for spacecraft A (position 1), spacecraft B 

is at a distance of ~ 50 Rj, and when spacecraft B is at closest approach (position 10) sjjacecraft 

A has moved to ~ 50 Thus it should be possible to separate large scale spatial from 

temporal effects in the Jovian magnetosphere. It will also be possible to obtain measurements 

at four magnetic latitudes for each radial distance. Some of the key problems to be attached 

are: (a) investigations of the varlulion of the radial position of the bow sliock witli tii-.s, and 

(b) the distortions of the magnetospheric boundar)' in response to fluctuations in the strength and 

direction of the solar wind and the rotation of the magnetospliere. An important feature of the 

Jovian magneto.'phcric observations possible with the TJSB mission is the simultaneous 

measurement of the solar wind outside the magnetosphere by one spacecraft while meosurements 

withir. the mogncto.'nlicie are under v/ay with the second spocecraft. (c) The nature of the 

"global" time. dct..ndent 10 hour variations of electron intensity and spectrum within the 
6 9 16 

magnclt'sphere ' ' ; how is this effect related to the rotation effects of the equatorial plasma 

sheet end the :p>ol'aMy dependent 10 hour varic:fion? This in turn is related to the problem of 
the mechanism foi tlie release of electrons from Jupiter into inferplanetaiy space, (d) Jovian 
satellite interactions with the trapped radiation; special opportunities exist whereby it is 
possible to cross the flux tubes associated witfi the satellite lo and thus to Investigate the nature 
of the control exctled by lo over decamelric radio bursts. ^ 

In sum, the dual spacecraft out-of-the-ediptir. mission will answer questions 
which would otherwise remain a puzzle for studies made with o single spacecraft. 

Observations made with Pioneer 10 and 11 have eslablidicd the importance of 
transient phonoincna^' for the magnetosphe re of Jupiter, such as large scale distortions. 
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Observations with a single spacecraft cannot unambiguously sc-purate the temporal and spatial 

dependences of such transient effects, so that a dual spacecraft mission offers our best hope for 

gaining a further understanding of the physics of the Jovian magnetosphere. 

Phase (III): Out-of-the-ecliptic at l orge radial distonces 

Figure 4 illustrates the trajectory characteristics for spacecrafts A andB as 

a function of time after a Jovian swingby. In a period of ~ 2 years, the tv/o spacecrafts 

traveling in the opposite hemispheres of the interplanetary medium cover a radial distance of 

~4 a.u. while slowly traversing a solar latitude range of up to nearly 90°. 

This phase of the mission offers the opportunity to take snapshots of solar 

active regions on the sun, (EUV, UV, x-rays, radio, etc.) for comparison with idrmtical 

observations from Earth to form stereoscopic pictures of solar phenomena. It also becomes 

2 

possible to investigote new aspects of the Gegenschein. 

This phase of the mission also offers the opporhjnity to study the behavic 
of magnetic sector structure at large radial distances from the Sun in the solar activity zone 
(Figure 1) to answer such questions as: (a) V/hat role does th<' region cf solar activi^/ (10 to 
35 degrees) play in determining the sector struettire of magnetic field: extendipj From 1 to 
5 a. u. ? (b) To what extent does tlie magnetic sector structure persist at high latitudes and at 
great distances from the Sun? (c) How does the Sun'sdifferential rotation, whichproducesarotation 
period 9 days longer at the pole than at the equator, change the structure of intcrplonetary magnetic fields ? 
These and questions concerning the"global shape" of blastwoves in the two hemispheres constitute 
major magnetic field and plasma studies for this phase of the mission. The characteristics of this 
region for charged particle propagation for both solar and galactic particles arc entirely 
unknown, and their determination would be the prime goal of cliargcd particle studies in this 
region. 
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Phase (IV); The polor observaHonioHhe Sun from ~ 1,2 •» 2 o. u. 

A. Solar observations from ihu polar viewpoint. 

The evolution of coronal features obove solar active regions, coronal streamers 
and related transient, large scale phenomena — now observable only by solar limb studies 
from Earth — may be undertaken from the A or 8 spacecraft by time-lapse observations 
obtair;ed simultaneously at all solar longitudes. Coronagraphic studies on a spinning spacecraft 
are difficult, but the potential is great for understonding the origin and dynamical structure 
of the inner and ot'er corona from simultaneous, polar and equatorial observations (J. A. 

Simpson to G. Nev-!- k, private communication, 1968). 

B. Soli interplanetary studies. 

Somewhere in the region tentatively identified as the transition region above 

solar latitude ~ 60°, characteristics of the interplanetary medium increasingly become 

determined by the properties of the sun and corona in the polar regions. For example, it is 

currently believed that the polar region may be represented by a coronal hole where a 

continuous emission of the solar wind at high velocities (> 700 km/sec) is expected. It is in 

this region that the rotational effects of the Sun cease to play a major role in the large-scale 

structure of the magnetic field carried into Interplanetary space by the solar wind. The properties 

of this region are unknown and expected to be totally different from those so far studied in the 

vicinity of the equatorial plane. For studies in this region it is vital that measurements in the 

north and south polar regions be made simultaneously since it is well-established that both the 

temporal and spatial distributions of observable solar phenomeno in the polar regions are frequently 

18 

different at the two poles. In addition to the particle, magnetic field and plasma interactions 
which will be studied for the first time under these new physical conditions, we point out that 
low energy particles from the golaxy moy find a relatively easy entry to this 
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r« 0 ion, as discussed below. 

As shown in Figure- 4, the two spacecrafts pass from pole to pole in periods the 
order of 260 days (or on on average of ~ 0. 7° per day). This corresponds to an elapsed time of 
~ 10 solar rotations when the two spacecrafts are at radio! distances ~ 1.2 to 1. 5 a. u. Clearly 
radially dependent effects are likely to be small compared with latitucfinally dependent 
phenomena being studied simultaneously on the two spacecraft. Hie observations to be made 
and the scientific objectives of Phase IV of the dual spacecraft are essentially the same as those 
for the SEP mission (options 9 and 10). Both missions provide a scan of solar latitude at a 
rate of 0. 4 - 0. 7 degrees per day at approximately constant radial distance from the Sun, 
although the dual spacecraft mission provides coverage of the polar region of the Sun, while 
the SEP mission does not. Among the latitude dependent phenomena to be investigated are 

(a) the effect of differential rotation on the magnetic field structure in interplanetary space; 

(b) the nature of the transition region from the polar coronal holes to the band of solar activity 
(Figure 1); (c) the nature of transient phemomena such as shocks and high velocity streams 

at high solar latitudes. Measurements relating to these questions made in Phase IV are distinguished 
from similar measurements in Phase III by the fact that the radiol position of the spacecrafts is 
not an important parameter during Phase iV, thus providing a clean separation of latitudinal 
and radial effects. 

It is likely that the combined direct solar observations, magnetic field, plasma 
and high energy particle studies will introduce a qualitative change in our understanding of 
the differential rotation of the Sun, of the 22 year magnetic cycle and, thereby, in our 
understanding of the internal dynamics of the Sun. 

C. Galactic composition of cosmic radiation. 

In part B above, measurements during the pole-to-pole excursion of the 
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two spacecrafts were concentrated on the electrod/nomics of the interplanetary medium 
and the rote of the solar features in determining the dynamics of the medium. If conditions 
ever the solar poles are anywhere near those predicted It would appear that cosmic ray particles 
of low energy from the galaxy which cannot otherwise propagate into rhe inner part of the solar 
system near the equatorial plane becaus; of solar modulation moy be able to penetrate 
by way of die solar polar magnetic fields to within ~ 1 - 2 a. u. If so, we may be able to 
obtain for the first time samples of th : i. energy composition of galactic cosmic rays; 
that is, the relative abundances of die elements in the nuclear component of the 
cosmic rays and the relative isotopic abundances of hydrogen to nickel. 

Through such studies it may become possible to identify the low energy component of cosmic rays 
accelerated in our local region of the galactic arm. These studies will be of vital importance 
for deciding among models of nucleosynthesis of the elements in the sources of cosmic rays. 
Furthermore, under such circumstances, it v/ould become possible to obtain the energy densities 
in interstellar space for these very low energy particles ( a problem concerned with the heating 
of interstellar clouds). 

Finally, all of these investigations over the solor pole v/hen take i together with 
observations in the equatorial pljne will yield a "global" model for solar modulation which 
takes account of the propagation of nuclear particles and electrons extending dov/nward In energy to 

19 20 

energieswhereatpresent their modulation is not understood. Recent observations ' shov/ 

that evenathigher energies, revisions of our ideas about modulation may be required, possibly 

21 

involving processes taking place off the ecliptic plane , or introducing liverstcllar neutral 

22 

particles in the heliosphere. The IMP satellites ond Pioneer iO/ii deep space probe observations 
have raised a number of interesting questions regarding whether or not low energy particles 
could have access to the solor equatorial zone. 
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D. Enetgclic parficlcs of solar origin. 

The role of coronal Ironspoi t in the piopoyotion of solar portidc: from flare 

23“26 

sites to the Interplanetary modiym has been much studied but is not v/tll understood. 
Out-of-the-cdiplic missions will play a major role in deciding on the transport mcchariistri, 
on the storage lime ond distribution of porticles at the sun, ond, in turn, v/hile using solar 
particles as probes of the Intervening magnetic fields, will obtain information on theneoi-sun 
magnetic field structure including the distribution of irrcgulorities in the magnetic field. It 
may be possible that the effects of differential rotation can be analyzed best by studying the 
emission of solor flare particles at high solar latitudes. 

E. Models of the heliosphere. 

At the present time we cannot choose conclusively among models of the 

heliosphere with boundaries for particle modulotion which, for example, could be a) pancohe- 

like in character, extending the order of say 20 to 50 a. u. in the equotoriol region, but only 

a few astronomical units thick over the poles, or b) with distant boundaries over the soler 

27 

poles and therefore much more spherical in character, as sketched in Figure 7. Altliough 
these two examples represent extremes, it would appeorthat data obtained out-of-thc- 
eciiptic plane could assist in deciding between them by using galactic cosmic rays as probes 
of the outer magnetic fields of the interplanetary medium. Predictions for th barged particle 
gradients, particle anisotropies and energy spectral changes as a function of solor la '^ude can 
be made; therefore o wide range of models con be tested by the dual spoeccroft mission 
(e.g. reference 28). 

Phase (V); Pest solar polar observotions 

The above four phases of the dual mission iMustrote the wide range of physical 
processes which can be studied during the mission. After leoving the sun Hie dual spacecrafts 
again travel outward from the Sun where tiicy ore able to repeat some of tin: observations wbicli 


were obtained between Jupiier and the Si’n in Phase III os much as a half solnr cycle earlier. 
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Iftese latter measurements would Indeed be very interesting since the/ can provide further 
evidence on the long-term changes in the heliosphcrt^ especial 1/ in tiio latitudinal structure 
of the inteiplonetory mcgnetic fields. 

IV. Summary Remarks 

We conclude from the mission alternatives that the latitude scan missions 
such os the SEP options 9 and 10 (Figure 2) are dedicated to more detailed observations 
and explora.Ion of the soiar active zones (Figure 1) with a strong emphasis on extending 
the stereoscopic viewing of the solar phenomena now under observation with Earth orbiting 
satellites. On the other hand, the solar polar cap passes further extend the exploration 
of new regions of the Sun and interplanetary medium, the evolution of solar coronal features 
seen simultaneously at all solar longitudes, and the possible access of low energy particles 
from interstellar spoce via the polar magnetic fields. Such particles can not be detected 
with deep space probe missions near the equatorial plane in the foreseedsle future. Tlius, 
in many aspects both types of missions are important for science, but are qualitatively differen 
in their goals. 

With regard to strategies, the TJSB missions offer the unique advantage of 
providing well-defined interfaces for international collaborations since one spacecraft could, 
for example, be the responsibility of the European Space Agency while the second spacecraft 
could be the responsibility cf the NASA. 

Some instruments should cover the same measurements simultaneously on both 
spacecrafts, e.g. magnetic fields, plasmas, charged particles and x-rays. However, in 
addition one spacecraft could carry a set of complex instruments to complement the other 
spacecraft, viz, a coronagroph on one spacecraft, and a complex super-thermal particle 
spectrometer and solar radio emission detec.or r;. the other spacecraft. 
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Alriiougb Table 1 suggests a wide range in costs based upon the launch 


vehicle, the ultimate difference between o sii^le spocecroft JSB mission and TJSB mission 
is really less than Indicated because the same magnt tude of commitment and resources is 
required For scientific instrument preparation and integration, for data acquisition throughout 
the years of the mission cmd, roost important, for the level of commitment of those in the scientific 
oonmiuni ly motivated to undertake such a long term enterprise. 

The need for simultaneous measurements at Earth during on execliptic mission 
must not be overlooked in order to separate spatial from terrqfKMoi changes in solar interplanetary 
phenomena, and to relate these observations to the present day scientific knowledge derived 
from equatorial meosurements. 

irtgenious experiments and observations have been reported for many years 
to explore the high solar latitudes near the Sun and interplanetary space. These include 
the use of radio waves frtxn distant stars to study the magnetic irregularities and electron densities 
near the Surv the d>servation of comet tails at high latitudes ond the scintillation effects 
of galactic cosmic rays to deduce properties of the solar wirid, orKi the large-scale probing 
of the inteiplonetary medium by high energy cosmic rays to estimate the scale size of the 
heliosphere. However, they cannot substitute for direct observations in the regions of the 
solar system to be penetrated by an execliptic mission. 

The author apologizes for not adequately covering in this note the many alternate 
mission options with their unique scientific objectives. 

He wishes to thank Dr. Bruce McKibben and Mr. John Niehoff for 
assistance with the preparation of materials for this manuscript, and Mr. Don Herman 
of NASA and Mr. H. F. Matthews of the NASA/Ames Research Center for providing essential 
background material. This work was supported in port by NASA grant NGL 14-001-006. 
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Table 1 

SOLAR EXECLIPTIC MISSION OPTION f OR II !E EARLY I980S 


Flight 
arion Modef 

No. of 

Launch Spoce- 

Vehiclc croft 

Total 

S/C (Science* 
Mass, KG 

Max. 

Solor 

Lot., Deg? 

0) 

JSB 

Shutrie/lUS(3)/ 2 

550(60) 

84 



TE364 



(2) 

JSB 

Tilon/Cent/ 7 

500(60) 

90/90 



-4S“«'» 



(3) 

JSB 

Shottie/|US(2)/ 1 

300(30) 

S3 



TE364 



(4) 

JSB 

Atloi^t.ent/-4S** ' 

250PO) 

39 



1 

150(15) 

77 

(5) 

JSB 

Ocito 39}*M2f 1 

150(15) 

-30 

») 

AVEGA 

Atfos^ 1 

3A3(30) 

79 


♦ JSB 

Centour^TE 364 




OB 

Ti ton/Cnnl/-4 S^' ^ ) 

250(30) 

34 



1 

15005) 

37 

(8) 

06 

OcUaS9U/tif 1 

150(15) 

24 

(9) 

OSLP 

Titon/Centour*^ 1 

250(30) 

59 


(l5K\v; 

I 

I5^()5) 

62 

00) 

DStP 

Allas ^CenMuf** 1 

250(30' 

29 


(^>Kw; 

1 

15005) 

31 


Spin (SP) or 
Sld>le (ST) 
S/C 

Launch 

Ye<^) 

Time to 
Max. Lot., 
Years 

Heliospheric 

Coverage 


Cost 

Srocket 

SP 

1981,83 

3.9 

^>po$cd posses, 
-t Lotitude scans 


Med-Hi 

SP 

1980,81,83 

-4 

Opposed single pos' 
-* lotitude scons 

'.es 

Hi 

SP 

1981, 8J 

3.9 

Single poss to 
+ 88® 


Lo-Med 

SP 

SP 

1980 

1980 

—4 
' 4 

Single *oss 
Single pass 


Med 

Lo-Med 

SP 

1981,83 

-4 

Single pass 


Lo 

SP 

1982 

5.6 

Single pass to 
^79® 


Med 

SP 

SP 

19R0-83 

1980-83 

-0.2 

-0.2 

Single lot. 
Single lot. scon 

1 O. u. 
1 a. u. 

fAed-fti 

AAcd 

SP 

1980-83 

-0.2 

Single lat. %con 


Lo 

ST 

ST 

1981,82, 83 
1981,82, nj 

~2. 7 
■ 2. 7 

Latitocir senns ** 
LatilUwi*' SCO'H ' 

^ Q. U. 

1 o. u. 

Hi 

ST 

ST 

1981,82, !!3 
1981,82, 8> 

-2.2 

Latitude scons - 
1 ti I'j^lr St -*s 

* o. u. 

1 M. 

•V.eci 


a. Thtj vehicle or shuftle/lUS (‘ntofim i/pper jtoje) equivolent for > 1981 lounches. 
b« T£ 344-4 solid Wck T>ofor wffH spin toble. 

c. ^27: Star 27 solid kick mow 

d. Cost bracket determined on bosii of launch vehicles shown, not shuttle equivalents (see footnote o). 




Science included in spocecroft mosses. 

Latitudes: Lotitudes ore hel» 05 '‘Cphic. Hence when tonriem spacecraft aio launched to solar latitudes Ics thon 90 , one 

S/C gocTbelow the ecliptic ond"?Re other obove ofter swlngby, with -- 14 difference in solor lotitude If the swingby is 
ot the solor node. 

Jupiter Sv/ingby 
AV -Corih Grovity Assist 
Direct Bolllstie 

Direct Solor EleeVit Propulsion 


Flight Modes; JSB 

VEGA- 
08 - 
OSEP - 


p«>r,in!ICIBILrre OF THE 

i . rp i-i TO i>r»nw 
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Figure Coplions 


Figure 1 


Figure 2 


Figure 3 


Idealized meriodional plane view of ihe interplanetary regions associated 
with principal features on the sun. 1he shaded region represents a region 
+ in solar latitude within which oil measurements to date have been made. 
Ihe region of principal solar activity over o solar cycle extends from 10 to 
~ 35-40 degrees north and south lotitudes and is highly variable. A region 
from ~ 40 to 70 degrees is a transition region betv/een the region of solar 
activity and the polar region where the rotational effects on the magnetic 
field carried out by the solar wind begin to subside. It is believed that the 
polar region is mainly occupied by a coronal hole-like structure and therefore 
that the solar wind has a high velocity in this region. 

The solar electric propulsion miision is one in which the spacecraft remains in 
a 1 A. U. orbit from the sun and Is therefore synchronous with earth. The orbit 
inclination is Increased by thrusting about the nodes. In a period of ~ 3 1/2 to 
4 years a full excursion of the spacecraft is expected to be betA-een 50 and 60 
degrees. The spacecraft is normally thrusting except for ~ 100 doys per year 
at the anti -nodes. However, the spacecraft propulsion can be turned off for 
a day or so during the normal operating periods lo obtain scientific doto. 

(See references 4 ond 5. ) 

The AVEGA flight mode (A V- Forth Gravity Assist). In this mode the 
transfer event points ore: 

Point 1: Earth lourich 4/18/82, = 27 Km^-sec 

Point 2; Perihelion modification maneuver, AV~ 900 m-sec \ 
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Figure 4 


Figure 5 


Figure 6 


Figure 7 


Point 3; Earth powered swingby, AV - 1000 m~sec . 

Point 4: Jupiter encounter 3.2 years after launch. 

The trajectory is not to scale. 

The out-of-the-ecliptic trajectory for the duol mission after Jupiter swingby, 
showing the radial distance of the spacecrafts from the sun and the 
heliographic latitude of each spacecraft as a function of time. (Adapted 
from reference 7. ) 

The dual spacecrafts A and B enter the Jovian magnetosphere approximately 2 
or 3 days apart. The figure is a meridional projection of the spacecraft 
trajectory with Jupiter at the center of the coordinate system. Hie fiducial 
marks on trajectory A represent 6 hour intervals v^hich correspond In numbers 
to the 6 hour intervals along trajectory B. Thus it is seen that one spacecraft 
is near closest approach when the other spacecraft is at 50 Jovian radii. 

The trajectory of Pioneer 11 is shown for comparison. 

Projection on the ecliptic plane of the trajectories of spacecraft A and 
spacecraft B. For comparison the trajectory of Pioneer 11 is sliown. 

Two alternate models for the shape of the heliosphere. (See reference 27. ) 
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Idealized Meridional Diagram of Solar Regions 
Connecting with the Interplanetary Medium 


Figure 1 



HELIOGRAPHIC LATITUDE, deg 


HELIOGRAPHIC LATITUDE PROFILE 



TIME PAST LAUNCH, doyt 
(From J.P.L. Report by J.H.Duxbury. 9/26/74) 


Figure 2 
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Fipure 3 



Out of Ecliptic Trajectory, HelioQrophic Dietonce and Latitude 
Dual Pioneer Spacecraft, Single Titan 3E /Centaur/ TE 364-4 
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2.0 3.0 4.0 5.0 

Years after Launch 

(adapted from Figure by H.F Matthews, NASA/ARC) 


Figure 4 
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figure 6 




Figure 7 



